A B S T R A C T Animals subjected to certain cardiovascular manipulations, such as arteriovenous fistulas, diminish their urinary sodium excretion. It has been shown that closure of such fistulas results in a prompt increase in the rate of sodium excretion. However, the nature of the renal mechanisms increasing the excretion of sodium when the initial cardiovascular abnormality is corrected has remained unclear. Since the elucidation of such mechanisms might provide information pertinent to other sodium-retaining states, the effect of closure of chronic Teflon-Silastic arteriovenous shunts was studied in desoxycorticosterone acetate (DOCA) -treated dogs by utilizing micropuncture techniques.
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Nephron filtration rates were measured first during a control period vith open arteriovenous shunts and then again after closure of the shun.s in 12 dogs. Nephron filtration rate rose 32% while total glomerular filtration rate (GFR) decreased 8%. After closure of the arteriovenous shunt, fractional reabsorption increased 6%, while total kidney filtration fraction increased from 0.31 to 0.35. Renal plasma flow decreased from a mean of 111 ml/min to 90 ml/min. Closure of the arteriovenous shunts increased sodium excretion from a mean of 21 Aeq/min to 45 Aeq/min. Concomitantlv, a redistribution of filtrate to superficial nephrons occurred. Since pharmacological doses of DOCA wvere being administered while total GFR was not increased and fractional reaisorption of sodium in the proximal tubule was not inhibited, it was concluded that filtrate distribution to superficial nephrons may have contributed to the observed natriuresis, although alternate explanations were also deemed possible.
INTRODUCTION
In salt-retaining states the renal excretion of sodium and water may be reduced so that a small daily positive balance leads to a progressive expansion of the volume of extracellular fluid. Current knowledge of the mechanisms by which increases in renal retention of sodium replace a normal renal response to an expanded volume of extracellular fluid is far from complete. Available knowledge stems in part from studies of animals in which a natriuresis has been produced with volume expansion and in part from studies of animals in which an antinatriuresis has been produced experimentally with a variety of cardiovascular manipulations.
Utilizing volume expansion, De Wardener, MIills, Clapham, and Hayter (1, 2) and Levinsky and Lalone (3) established that increased sodium excretion occurred in the absence of clhanges in glomerular filtration rate (GFR)1 and mineralocorticoid activity. The elimination of these two factors led to the postulation that other factors may play a part in sodium balance. Recent studies (4-9) have focused attention on the role of physical factors as determinants of sodium excretion. Other mechanisms that could be involved in the regulation of sodium excretion include a natriuretic hormone (1) and redistribution of filtrate among nephrons of different reabsorptive capacities (10) . To date, the evidence for a natriuretic hormone remains conflicting (11, 12) .
Current micropuncture data have also failed to support the presence of redistribution of filtration in both acute and chronic volume expansion (13) (14) (15) (16) (17) (18) (19) (20) (21) .
Utilizing cardiovascular manipulation (15, 20, 22, 23 The dogs with arteriovenous fistulas were subjected to experimentation 14 days after their initial surgery. All animals were intubated with cuffed endotracheal tubes and ventilated witlh a Harvard Respirator. 4 Canniulas were inserted into two leg veins for infusions and in the brachial artery for blood pressure measurements and blood collection. Both ureters were cannulated through a suprapubic incision. The left kidney was exposed through a flank incision and the renal pedicle was gently dissected free for a distance of 2-3 inch from the hilum. The (log w-as tlheni placed on a marble Clcaraniccs. All 22 experiments had three 15-20 miii clearance periods iil both the control and experimental periods. GFR was determined from clearance of inulin and reiial plasma flow from the para-aminohippuric acid (PAH) clearance. All infusions were administered with constant infusion pumps. Plasma insulin concentration was kept at 60-100 mg/100 ml aiid plasma PAH concentration at 1.5-2 mg/100 ml. At least 60 min as allowed for equilibration. PAH was determined bv the method of Smith, Finkelstein, Aliminosa, Crawford, and Graber (25) . Plasma and uriiie inulin conlcentrations were determined by the diphenylamine method (26) . The concentration of inulin in tubular fluid was measured by the fluorometric method of Vurek and Pegram (27) . Tubular fluid volume was measured in a constant-bore capillary tube of known internal diameter. Sodium and potassium concentrations in urine and plasma were measured by an Instrumentation Laboratory flame photometer. 5 
RESULTS
Effect of recoUection technique on proximtal fractional reabsorption during continued hydropenia. The effect of recollection on fractional sodium reabsorption in the proximal tubule is shown in Fig. 1 . Tubular fluid to plasma (TF/P) inulin ratios were measured in 40 tubules. The ratio of recollection to the initial TF/P inulin ratio was 0.99±0.02 SE, not statistically different from 1. Therefore, the repeated puncture of the tubules during continued hydropenia did not alter TF/P inulin ratios.
Effect of continued hydropenia on nephron filtration rates and total kidney GFR. The effect of continued hydropenia on nephron filtration rates is shown in Fig. 2 . The mean of five to six nephron filtration rates obtained during the control period were compared to the mean of six nephron filtration rates obtained during the experimental period. A total of 10 dogs were studied. In view of our own experiences with nephron filtration rates using the recollection technique (13) , only new tubules were punctured. The ratio of the experimental to control tubules was 1.01±0.03 SE, not significantly different from 1. Therefore, during continued hydropenia with new tubules, nephron filtration rates remained unaltered.
The relationship between spontaneous alterations in total kidney filtration rate and nephron filtration rate was also analyzed. The ratio of experimental to control total kidney filtration rate is 1.00±0.06 SE. The ratio of alterations in total kidney filtration rate to nephron filtration rate is 1.01±0.05 SE. Therefore, spontaneous alterations in total filtration rate and nephron filtration rate do not result in any redistribution of filtrate to or away from superficial nephrons. Spontaneous alterations in total filtration rate are paralleled by similar alterations in nephron filtration rate.
Effects of shunting and DOCA on renal sodiumiii excretion. The dogs did not become edematous. All animals on metabolic balance were shown to retain sodium after shunting and administration of DOCA, but the salt retention was not persistent. The extent of the retention over the 14-day period ranged from 133 to 239 meq, with an average of 163 meq (Table I ). Sodium was retained over a period of 4-5 days, and zero sodium balance was achieved from the sixth day on (Fig. 3) . The protocol of one experiment is shown in Table II . A summary of all 12 micropuncture studies after closure of the arteriovenous shunts is shown in Table III . In these studies sodium excretion increased from an average of 21 Aeq/min during the control open-shunt period to an average of 45 ueq/min after closure of the shunts, while fractional excretion of sodium rose from 0.39 to 0.92 (P < 0.01). A total of 70 tubules were punctured before closure of the shunts and 61 of these could be repunctured after the shunt-clamping. There was a mean rise of 6% in TF/P inulin ratio after clamping as shown in Fig. 4 (P < 0.01). Total GFR decreased in 10 of 12 studies, the mean decrease being 8% (Table III) . Nephron filtration rate, however, increased in every onie of the 12 studies with a mean increase of 32% (Fig. 5 Fig. 6 ). Statistical analysis of the individual experimlenits reveal that the increase in nephroin filtration rate was significant in every experiment (P < 0.005 in three experiments. P < 0.01 in five experiments, P < 0.02 in one experiment, P < 0.05 in three experiments).
\V'hile total GFR decreased by anl average of only (Table III) . As a result of greater decrease in renal plasma flow than in total GFR, filtration fraction increased by an average of 13%. DISCUSSION The model of arteriovenous connections made with Teflon-Silastic shunts was designed to examine with micropuncture methods the manner in whiclh shunt closure produces a natriuresis. This became possible when the femoral Teflon-Silastic shunts were extended to a tunnel under the skin, where they were readily available for clamping and shunt closure. In addition, the occurrence of a natriuresis within 10 min of the shunt closure made it possible to utilize each dog as its own control.
Micropuncture studies were initiated in the shunted dogs at a time when their sodium balance was zero. Although sodium retention was limited to the first 4-5 days after shunting and DOCA administration, clamping the shunts produced an increase in sodium excretion in all dogs. The fraction of filtered sodium appearing in the urine (C-N/Cin) ( be construed to be the result of decreased tubular sodium reabsorption, presumably because of changes in hormonal influences or physical factors. Since pharmacological doses of DOCA were administered to all dogs for a period of 14 days, including the day of the experiment, the postulated hormonal influences would have to be other than adrenal mineralocorticoids. Moreover, since fractional reabsorption of sodium in the proximal tubule did not diminish, such a hormone would presumably act at a more distal site in the nephron. This possibility cannot be excluded. Unfortunately, the present study offers no specific information regarding the possible presence of such a hormone.
Physical factors may be considered under two headings: compositional factors and hemodynamic factors.
Compositional alterations thought to affect sodium excretion include changes in plasma sodium concentration (28, 29) , plasma protein concentration (8, 30) , and hematocrit (31, 32) . In the present study, plasma sodium concentration, plasma solids, and hematocrit were not altered by the clamping of the shunts.
Changes in renal hemodynamics may influence the reabsorption and excretion of sodium. In all of the dogs in the present study, the clamping of the shunts was accompanied by an elevation of the diastolic pressure of 5-10 mm Hg. However, the systolic pressure remained unchanged, and the increase in mean arterial pressure was small. Furthermore, the changes in sodium excretion could not be linearly correlated with the magnitude of the response of the blood pressure. The absence of correlation may be the result of increased vascular resistance. Earley, Martino, and Friedler (4, 6) clearly delineated the importance of renal vascular resistance on the effect of arterial pressure on sodium reabsorption. In the presence of a rise in mean arterial pressure of about 5 mm Hg and a fall in renal plasma flow, renal vascular resistance increased with clamping of the shunts.
Since no measurements of protein concentration in the peritubular capillaries were obtained, we can only speculate on the changes in oncotic pressure in proximal peritubular capillaries caused by the shunt closures. Although kidney filtration fraction increased in 11 out of 12 studies, it is conceivable that superficial nephron filtration fraction did not increase. However, since superficial nephron filtration rate increased 32%, superficial nephron plasma flow would also have to increase 32% to. prevent a rise in filtration fraction.
Glomerular perfusion rate was estimated to be approximately 155 nl/min in superficial nephrons and 170 nl/min in juxtamedullary nephrons (33) . If each kidney contained 13,000 glomeruli/g (34), 65% of which were superficial, a renal plasma flow of 104 ml/min could be calculated. If plasma flow to each superficial glomerulus were to increase 32%, plasma flow to the superficial nephrons alone would exceed renal plasma flow. Consequently, superficial filtration fraction probably in-creased when the arteriovenous shunts were clamped. As a result, proximal peritubular capillary protein concentrationi and oncotic pressure would also increase after shunt clanmping, and could represent the reason for the observed increase in fractional reabsorption of sodiuIml in the proximal tubule ( Fig. 4) 
